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1. Introduction 
At the RAN#63 meeting, an LTE Release 12 work item on Network-Assisted Interference Cancellation and Suppression (NAICS) was approved [1]. Currently, the NAICS work item in RAN1 focuses on the following objectives described in the WID. 
· (RAN1) Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:

· RAN4’s input and conclusion on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters

· The system impact of higher-layer signalling or network coordination, including signalling overhead and the performance impact of any scheduling restriction due to subset restriction.

·  (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.

· (RAN1) Depending on the conclusion for blind detection under higher-layer signalling, dynamic signalling from an interference or a serving cell can be evaluated. 

In this contribution, we discuss the second objective, i.e., the CSI enhancement for the symbol-level interference cancellation (SLIC) receiver, and we show the initial system level evaluation results. 
2. CSI Calculation Scheme for SLIC
In [2], we showed system evaluation results for SLIC, and clarified that SLIC improves the 5 percentile cell edge user throughput compared to the Rel-11 MMSE-IRC receiver. In this evaluation, however, since we assume that CSI feedback of SLIC is the same as that for the Rel-11 MMSE-IRC receiver, the effect of the interference cancellation through SLIC is not considered in the CSI. Therefore, considering the interference suppression due to SLIC for the CSI feedback may further improve the system throughput.

One issue regarding such a CSI calculation is how to estimate the residual interference after SLIC processing, i.e., the cancellation for the PDSCH of the dominant interference signal based on soft (or hard) decision replica. A simple solution to this problem is estimating the interference and noise power including residual interference using the reference signal of the serving cell after SLIC processing. In particular, this reference signal, 
[image: image1.wmf]y

~

, after SLIC processing is described below.
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where 
[image: image3.wmf]y

 is the received signal; 
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 is the channel matrix of the serving cell; 
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 is the transmitted symbol form the interference PDSCH; 
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 is the estimated symbol of 
[image: image9.wmf]PDSCH

s

 at the UE side based on soft (or hard) decision; and 
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 represents other interference signals and noise. In this way, the interference and noise power including residual interference can be estimated by calculating the power of 
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 after eliminating the term of the reference signal of the serving cell. 

The advantage that this scheme yields is applicable to all transmission modes because additional signaling is not necessary. Below, we initially evaluate the system performance of SLIC using this CSI calculation scheme to investigate the potential. Note that in the system level evaluation, the CSI using this scheme can be modeled using the same method as the demodulation part, i.e., the system-link modeling methodologies described in [3].
3. System Level Evaluation
In this section, we evaluate the initial system performance of SLIC with CSI feedback including the effect of the interference cancellation by SLIC.
3.1. Simulation Assumptions
The following points are assumed in this evaluation.

· Receiver type assumption
· Baseline receiver: Rel-11 MMSE-IRC receiver
· SLIC: Realistic cancellation for dominant interference signal based on soft-decision replica

· CSI feedback

The following two CSI calculation schemes are compared for SLIC.

· IRC-CSI: The same CSI feedback as that for the baseline receiver
· SLIC-CSI: The CSI calculation scheme including the effect of interference cancellation by SLIC described in Section 2
Note that we assume that the above CSI is calculated using instantaneous interference and noise power, i.e., the power is not averaged over some subframes.
· System-level modeling methodologies applied in this contribution
· Baseline receiver: Modeling methodology described in [4], i.e., based on the complex Wishart distribution
· SLIC: Alternative 1 among the modeling methodologies for SLIC described in [3]. 
· Number of cancelling interfering cells

We assume that SLIC cancels the signal transmitted from the most dominant interfering cell, i.e., a 1-cell interference canceller is assumed. Note that the most dominant interfering cell is defined as the cell with the highest RSRP among the interference cells where there is data traffic.

· Scheduling restriction and coordination between eNodeBs
It is highly desired from the NW perspective that scheduling restrictions or coordination not be mandated in order to apply these receiver types. Accordingly, scheduling restrictions and coordination between the severing cell and interfering cells are not applied in this evaluation.
· Restriction of interference cancellation
To reduce the signaling overhead and/or blind detection complexity, we assume that application of SLIC is restricted to the RBs where Rank-1 is applied to the serving and interfering signals. In other RBs, the baseline receiver, i.e., Rel-11 MMSE-IRC, is applied. Note that, in our previous evaluation [2], we assumed more condition limiting the usage of the MCS to only lower level MCSs, i.e., only QPSK and 16QAM for the desired signal. This condition is not assumed in this contribution. 
· Parameters of interfering signals required at UE
In this contribution, genie-aided SLIC is assumed, i.e., the interference parameters are ideally known at the UE. Note that the DM-RS-based transmission mode (TM9) is assumed in all cells. More specifically, based on RAN4 discussion [3], we assume that the following parameters are available to cancel the PDSCH, CRS, and CSI-RS of the most dominant interfering signal.
· Semi-static parameters:
· Cell ID, CRS Antenna port, Data to RS EPRE (PB), MBSFN configuration, and CSI-RS configuration
· Dynamic parameters:
CFI, Modulation Order, PDSCH bandwidth for DM-RS, DM-RS antenna port, RI, and nSCID
The other simulation assumptions are given in Table A1 in the Appendix.
3.2. Simulation Results
· NAICS Scenario 1 (Macrocell deployment)

System level evaluation results in NAICS scenario 1 are shown in Tables I and II for an FTP traffic model with 40% resource utilization (RU) and that with 60% RU, respectively.
From the results, we observe that SLIC with SLIC-CSI achieves a system performance gain of 5.7% - 13.4% in terms of the 5 percentile cell edge user throughput in a macrocell deployment scenario. However, we also observe that the differences in the performance of SLIC with SLIC-CSI and SLIC with IRC-CSI are very small. A possible reason for this is explained as follows. In this evaluation, we assumed that the CSI feedback granularity is 10 ms. In addition, since open loop link adaptation (OLLA) is assumed in both the serving and interference cells, the modulation order of the interference signal could change dynamically in each subframe. Therefore, feedback CQI calculated by the scheme described in Section 2 may not be optimal. 
Table I. FTP Traffic Model 1@40% RU

	Receiver type
	5%THP
[Mbps]
	Gain 
	Mean THP
[Mbps]
	Gain

	Rel-11 IRC
	3.15 
	-
	18.50 
	-

	SLIC w/ IRC-CSI
	3.27 
	3.6%
	18.81 
	1.7%

	SLIC w/ SLIC-CSI
	3.33 
	5.7%
	18.84 
	1.8%


Table II. FTP Traffic Model 1@60% RU 

	Receiver type
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain

	Rel-11 IRC
	1.92 
	-
	14.20 
	-

	SLIC w/ IRC-CSI
	2.15 
	12.1%
	14.92 
	5.1%

	SLIC w/ SLIC-CSI
	2.17 
	13.4%
	14.99 
	5.6%


· NAICS Scenario 2a/2b (Small cell deployment)

System level evaluation results in NAICS scenario 2a/2b are presented in Tables III and IV for the FTP traffic models with 40% RU and 60% RU, respectively.
The results show that the SLIC with SLIC-CSI achieves a system performance gain of 7.3% - 12% in macrocell UEs, and a gain of 5.3% - 12% in small cell UEs in terms of the 5 percentile cell-edge user throughput. Similar to NAICS Scenario 1, the differences in the performance of SLIC with SLIC-CSI and SLIC with IRC-CSI are very small. Therefore, in order to improve further the system performance of SLIC, further investigation on CSI feedback enhancement is needed.
Table III. FTP Traffic Model 1@40% RU

	Receiver type
	Macro UE
	Small UE
	Total UE

	
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain

	Rel-11 IRC
	3.30 
	-
	20.64 
	-
	5.95 
	-
	28.21 
	-
	4.70 
	-
	26.00 
	-

	SLIC w/ IRC-CSI
	3.53 
	7.1%
	20.85 
	1.0%
	6.21 
	4.2%
	28.51 
	1.0%
	4.86 
	3.4%
	26.27 
	1.0%

	SLIC w/ SLIC-CSI
	3.54 
	7.3%
	20.91 
	1.3%
	6.27 
	5.3%
	28.56 
	1.2%
	4.90 
	4.2%
	26.32 
	1.2%


Table IV. FTP Traffic Model 1@60% RU 

	Receiver type
	Macro UE
	Small UE
	Total UE

	
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain
	5% THP
[Mbps]
	Gain
	Mean THP
[Mbps]
	Gain

	Rel-11 IRC
	2.01 
	-
	15.72 
	-
	4.52 
	-
	24.32 
	-
	3.18 
	-
	21.82 
	-

	SLIC w/ IRC-CSI
	2.23 
	11.1%
	16.52 
	5.1%
	5.05 
	11.9%
	25.24 
	3.8%
	3.50 
	10.1%
	22.72 
	4.1%

	SLIC w/ SLIC-CSI
	2.25 
	12.0%
	16.47 
	4.8%
	5.08 
	12.4%
	25.27 
	3.9%
	3.53 
	11.3%
	22.72 
	4.1%


4. Conclusion

In this contribution, we investigated the calculation scheme for CSI including the effect of the interference cancellation by SLIC, and showed the initial system evaluation results. Based on the results, we clarify that the differences in the performance of SLIC with CSI assuming SLIC descried in Section 2 and SLIC with CSI assuming the Rel-11 IRC receiver are very small under the conditions assumed in this contribution, e.g., TM9, and FTP traffic model with 40% and 60% resource utilization. We consider that the system performance of SLIC may be improved if multiple CSI processes are available at the eNodeB scheduler and an appropriate MCS is selected considering the MCS of the interfering cell that is actually used. Therefore, in order to improve the system performance of SLIC, further investigation on such a CSI feedback enhancement would be needed.
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Appendix

Table A1. System Level Simulation Assumption
[image: image12.emf]Carrier frequency 2 GHz

Transmission bandwidth 10 MHz

Subband bandwidth 1.08 MHz (6 RBs)

eNB: XP with 0.5 wavelength spacing; 2 Tx antennas

UE: XP with 0.5 wavelength spacing; 2 Rx antennas

Deployment scenario NAICS Scenario 1, 2a/2b

UE inddor/outdoor distribution 80% indoor , 20% outdoor

Traffic model FTP traffic model @40%,60% RU

UE moving speed 3 km/h

MIMO scheme SU-MIMO

Scheduling algorithm Proportional fair

Control delay (scheduling, AMC) 6 ms

HARQ Chase combining

CQI/PMI feedback interval 10 ms

Granularity of PMI and CQI feedback PUSCH Mode 3-1

Channel estimation Non-ideal

IRC receiver covariance estimation

Non-ideal covariance matrix modeled by Wishart

distribution

TM of PDSCH TM9

PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

Modeling of interference outside the area

Realistic interference assuming precoding and

scheduling at other TPs

CRE offset 0 dB

Hadover margin 3 dB

Number of MBSFN subframes 0

Antenna configuration

Overhead of RS and PDCCH
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